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(54) MATPMUA JlA3EPHblX flMOflOB 

(57) Pe<t>epaT: 

Mcnonb30BaHne: b o6/iacTM 

nonynpoBOAHUKOBbix nasepoB, TaiOKe Ann 

3(JxJ)eKTHBHOfl HaiOHKH TBepAOTe/lbHblX 

Jia3epOB, B BOnOKOHHO-OnTHMeCKOCl CBH3W, 

MeAMi^uHe u Apywx o6nacT«x TexHUKH. 
TexHMMecKUM pe3yribTaTOM H3o6peTeHnn 
HBrmeTCfl noBbiiueHne nnoTHOCTM i/i 
oAHopoAHOdM n3jiyMeHMfl MaTpni^ na3epHbix 
Ahoaob, o6ecneMeHne KOHCTpyKTMBHotf 
bosmowhocth ynpouneHHH cnocx>6oB 
3neKTpi/NecKoH KOMMyTai_inn nnHeeK na3epHbix 

AHOAOB H B03MO)KHOCTkl aBTOMaTH3aL\HM 

npoi^ecca coopKH. CymHOCTb: Ha noBepxHOCTM 
ox/ia>KflaeMoro Tennoo6MeHHHKa H3roTOBJieHbi 
TpaneuenAanbHbie npuswibi, a noBepxHOCTb 
KOTopbix noKpbiTa rennonpoBOAHbiM n 
TOKonpoBOA^iMUM cnoflMM. JlnHeC^KH JiasepHwx 
AHOAOB ycTaHOB/ieHbi Ha GoKOBbix rpaHax 
Tpanei^enAanbHbix npn3M. PIpeAnoxeHHafl 
KOHCTpyKi^Mfl oGecneHMBaeT ncnonb30BaHkie 
na3epHbix auoaob c Ji>o6biM runoM 



n poBOAM mocth w HecKO/ibKO cnocoooB MX 
KOMMyTaunM. 4 3.n.<J)-.nbi, 7 nn. 
BbixoaHoe 

H3JiyHCHHe 3 
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(54) LASER DIODE ARRAY 

(57) Abstract: 

FIELD: semiconductor lasers; pumping 
solid-state lasers; fiber-optic 

communications, medicine, and other 
industries. SUBSTANCE: cooled heat-transfer 
apparatus carries on its surface trapezoidal 
prisms whose surfaces are covered with heat- 
conducting and current-conducting layers. 
Laser diode strips are mounted on side faces 
of trapezoidal prisms. Laser diode arrays 
are characterized in high density and 
uniformity of radiation, several switching 
methods' for diode strips, and automated 
assembling process. EFFECT: facilitated 
switching of diode strips and provision for 
using laser diodes of any polarity of 
conductivity. 5 cl, 14 dwg 
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H3o6peTeHne othocmtch k oonacTM 
nonynpoBOAHMKOBbix na3epoB m, b nacTHOCTM, k 
KOHcrpytainHM MaTpnu na3epHbix ahoaob. 

M3o6peieHne MOxeT 6biTb ncnonb30BaHO 
Ann HaKaMKM TBepAOTenbHbix nazepos. b 

BO/IOKOHHO-OnTMMeCKO^ CBH3M, na3epHofl 

o6pa6oTKe MaTepnanoB, KOMnbioTepHofl 
TexHMKe, MOHMTopuHre oKpyaraiotnefi cpeAbi, 
MeAni^MHe m T.n. 

Ann yBejinneHMfl cyMMapHofl moujhoctm 
M3/iyMeHL4fl oTAejibHwe nasepHbie AnoAbi 

KOHCTpyKTMBHO OCfcopMJlfllOT B flUHe^KH M B 

MaTpni^bi A^oAHbix /ia3epoB. 

M3BecTHw pa3/iHMHbJe OAHOMepHbie m 
AByxMepHbie KOHCTpyKi^nn, o6"beAMHniOLHMe 
oTflenbHbie nasepHbte AHOAbJ b eAMHbifl 
M3/iyMaTe/ib [1-4]. 

M3BecTHO, HanpMMep, ycTpoficTBO [2], 
coA©P>Kamee Termoo6MeHHMK 1 (qbMr. 1), 
naaepHbie ahoaw 2, npuna^HHbie k 
oxna>KAaeMovi nnocKOM noBepXHOCTn 
Ten/ioo6MeHHMKa, nosopoTHbie 3epKana 3, 
Hanpaarmtomwe na3epHoe MsnyneHMe b 
Tpe6yeMOM HanpaaneHMM. B M3BecTHOM 
ycTpoftcTBe o6ecneneHbi 6naronpM«THbie 
ycnoBun Ann 3cJx£eKTMBHoro oTBOAa Tenna ot 
noBepxHOCTM na3epHbix ahoaob. Oah3ko 
M3BecTHafl KOHCTpyKiinfl He no3BonneT nonyHMTb 
BbicoKyio nnoTHOCTb M3nyMeHMfl, t.k. OHa He 
o6ecnennBaeT yAOBneTBopuTenbHoro 
TennooTBOAa (Mana nnoujaAb noBepxHOCTM 
nupaMMAbi, KOHTaKTHpyjome^ c 

Tennoo6MeHHHKOM), TpeooBaTenbna k bucokoB 

TOHHOCTM pacnOJIOKeHMfl OTAeJlbHblX 

sneMeHTOB. Jla3epHbie ahoaw neperpeBaioTcn m 

OblCTpO BblXOAAT M3 CTpOfl. H3BeCTHOe 

ycrpoPicTBo He TexnonorMHHO b M3roTOBneHMM. 

TexHMMecKO^ saAanefl H3o6peTeHMfl 
flB/ifleTCfl noBbnueHne nnoTHOCTM m 
OAHOpOAHOCTM M3nyMeHH« MaTpHLibi Jia3epHbix 
Ahoaob, noBbiiueHne 3cJ)cJ)eKrnBHOCTM 
Tennoo6MeHa n AonroBenHOCTM paooTbi 
ycTpotfcTBa, o6ecneMeHne KOHCTpyKTMBHoft 
bo3mo>khocth ynpomeHMn cnococoB 
ajieKTpuHecKotf KOMMyiai^nn nnHeeK na3epHbix 
Ahoaob m yAeuueBJieHne Bcefl KOHCTpyKi^nn sa 
cner o6ecneHeHMn bo3MO>khoctm 
*aBTOMaTH3aunn npoLjecca c6opKM. 

flnn peiueHMfl nocTaBneHHotf 3aAaMH 
HenocpeACTBeHHp Ha noBepxHOCTM 

oxjisuKAaeMoro Tennoo^MeHHMKa n3roToaneHbi 
OKBMAHCTaHTHO pacnono>KeHHbie 
TpaneuenAanbHbie npki3Mbi, BbinojiHeHHbie. KaK 
eAHHoe L^enoe c Tennoo6MeHHMKOM (cfeur. 3-4). 
Ten/ioo6MeHHMK M3roTOBJieH no nopucTOfl [6] 
hjim MMKpoKaHanbHoR TexHonornn [5] H3 
BbicoKOTennonpoBOAHoro (nyniue He 
npoBOAflmero sneKTpMMecKMfi tok MaTepnana - 
Be02, SiC, anMa3 n T.n.), MaTepnana, Ha 
KOTopbivi HaHeceHa BbipaBHMBaioman nneHKa. 
flnfl ocyLnecTBneHMfl aneicrpMnecKoro KOHraicra 
Me>KAY nnHe^KaMM na3epHbix ahoaob 
noBepxHOCTb Tennoo6MeHHMKa 
MeTannn3MpoBaHa no npMBeAeHHbiM Huxe 
cxewiaM (cf)nr. 5-7). K MeTannMnecKofl nneHKe, 
o6pa30BaHHO« Ha rpaHnx ksokao^ 
TpaneLieuAanbHoH npn3Mbi, ycTaHOBneHbi 
(HanpMMep, npunanHbi) nnHe«Kn na3epHbix 
Ahoaob. nocKonbKy na3epHbie A^OAbi 
pacnono>KeHbi B6nn3n oxnsuKAaeMo« 

nOBepXHOCTM M Ha AOCTaTOMHO MaCXJUBHOM 

ocHOBaHMM Tpanei4enAanbHo^ npn3Mbi, to 
o6ecneHMBaeTcn xopoujM^ otboa Tenna ot 
aKTHBHoiH 30Hbi MaTpHi^bi na3epHbix ahoaob, 
noBbimaeTCfl Mou^HOCTb na3epHoro M3nyHeHnn m 



6naroAapn nepeKpbJTura CBeTOBwx noTOKOB 
yBenMMMBaeTCfl cyMMapHaw npKOCTb ncTOMHUKa. 
ripn 3tom AOCTuraeTcn pa3yMHbi^ KOMnpoMncc 
no nnoTHOCTM ynaKOBKM noBepXHOCTn 
Tennoo6MeHHMKa na3epHbiMn ahoabmm. 
5 ConocTaBMTenbHbi^ aHann3 c npoTOTunoM n 

ApyrviMki ncTOMHMKa MH^opMai^nH noKa3biBaeT, 
mto sananneMafl MaTpnua na3epHboc ahoaob 

HaXOAHTCfl B COOTBeTCTBMH C KpMTepHeM 
°HOBM3Ha". 

1Q B SaBUCMMOCTM OT TMna npOBOAHMOCTM 

naaepHbix ahoaob Mcnonb30BaHa nnoo 
nocneAOBaTenbHafl, nn6o 
napannenbHO-nocneAOBaTenbHan cxeMbi 
aneicrpuMecKvix coeAHHeHMM nnHeeK na3epHux 
Ahoaob. 

is Ecnn ncnorib30BaHbi nnnef^Kvi na3epHwx 

AHOAOB C n-TUnOM npOBOAHMOCTM, HMeKDLHHe 

Bee OAHHaKOBbiM (-) noTeHL\nan Ha 
MeTannM3npoBaHHOM noBepxHOCTM 
TennoooMeHHMKa, to OKasbjaaeTcn 
peann30BaHHow 

20 napa/inenbHo-nocneAOBaTenbHan cxeMa 

coeAHHeHUfl nnHeeK na3epHbix ahoaob (c£nr. 5), 
npn 3tom nocneAOBaTenbHO coeAHHeHbi 
napannenbHo BKnjoneHHbie napw nnHeeK 
nasepHbix ahoaob. B stom cnynae Aon>KHbi 6biTb 
MeTannn3npoBaHbi BnaAHHbi Mex<Ay 

25 Tpanei4enAaxibHbiMM npM3MaMM, a Ha mx 
BepiiikiHax o^ecneneHbi pa3pbiBbi 

MeTannHHecKofl nneHKH. Ka>KAan V-o6pa3Han 
TOKonpOBOA^LAan LUMHa npeAbiAyme^ 
cneAyiou^e^ BnaAHHbi coeAHHeHa n po bo ah m ko m 

30 c TOKonpoBOAflLnefl nneHKoC^ cneAyioiMeW 
BnaAHHbi (no3Mt4Mfl 13, 4>nr. 5.). 

JluiHe^KH na3epHbix ahoaob c n-TkinoM 
npOBOAHMOCTM c oahmm noTeHi^nanoM (-) Ha 
MeTannn3npoBaHHOM noaepxHocru 
TennooCMeHHMKa MoryT 6biTb coeAHHeHbi n 

35 nocneAOBaTenbHO, oah3ko b otom cnynae 
nnHe^KH na3epHbix ahoaob npucoeAHHbi 
(npnnanHbi) TonbKO k oahoPi CTopoHe Ka>KAO^ 
TpaneL^eMAanbHoW npn3Mbi (cfcur. 6). 3to, 
KOHeMHO. HecKonbKO yMeHbiuaeT cyMwiapHyio 

flpKOCTb HCTOHHMKa, OAH3KO SHaHMTenbHO 

40 ynpoiAaeT cxeiviy sneiapunecKHX coeAHHeHnfi. B 
3tom cnynae MeTannnsMpoBaHbi BepiunHbi 
TpaneueuiAanbHbix npn3M, a bo BnaAHHax 
peann30BaHbi pa3pbiBbi m eTann m m ecKO m nneHKn. 

Ecnki McnonbsoaaHbi nn Heft km na3epHbix 
ahoaob c pa3nMHHbiMM noTeHUManaMM (cf)Mr. 7) 

45 noAnp>KeK na3epHbix ahoaob (n- ,m p-TMnoB 
npOBOAHMOCTM), to see . ohm coeAHHeHbi 
nocneAOBaTenbHO sa cneT nepeAOBaHMfl nMHeeK 
c pa3Hofl nonnpHocTbio noAnoxeK, npM stom He 
Tpe6yeTCfl HaBecnoM MOHTa>K. 

50 Bo Bcex Tpex cnynanx noAno>KKM na3epHbix 
Ahoaob b Ka^KAo^ BnaAHHe nonapHO coeAHHeHbi 

V- 06pa3HblMM TOKOnpOBOAfllMHMM LUMHaMM 

Tonu^MHof^ 50-200 mkm. Ben MaTpMi^a co6paHa m 
cnaflHa OAHOBpeMeHHo Ha oahom uia6noHe. 
npeAnoKeHHan KOHCTpyKUMn oSecneMMBaeT 
55 nnoTHyio ynaKOBKy nMHeeK na3epnbix ahoaob m 
BbicoKyio nnoTHOCTb MsnyneHMn MaTpMqbi 
na3epHbix ahoaob, mto nosBonneT 
KOHCTpyKTMBHO AOCTaTOHHO npocTo o6ecneMMTb 
" aneKTpMMecKyio KOMMyTai^Mio nMHeeK na3epHbix 

AHOAOB, nOBblCMTb 3C{)4)eKTMBHOCTb 

60 Tennoo6MeHa m Aon ro Ben h oct b pa6oTbi 
npeAno)KeHHoro ycTpoMCTBa. 

npM cpaBHeHMM ct)opMynbi M3o6peTeHM« c 

ApyrMMM TeXHMHeCKMMM peiLieHM^MM B A3HHOM 

o6nacTM tcxhmkm He o6HapyKeHo peiueHMft, 
o6naAatoLAMX cxoahumm npM3HaKaMM m 
peujatoiAMX aHanorvNHbie Tex h mm ecKM e 3aAaMM, 
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mto no3BO/i«eT pAenaTb buboa o coot BeTCTB h h 
KpwTepmo °M3o6peTaTenbCKViM ypoBeHb". 

Ha 0nr. 1 n3o6pa>KeHa cxeMa 
pacnojioKeHvifl na3epHboc ahoaob Ha 
noBepxHOCTn Terinoo6MeHHMKa (aHanor), rAe: 

1 - Teruioo6MeHHMK; 2 - na3epHbifl ahoa; 3- 
noBopoTHoe 3epicano. 

Ha cf)ur. 2 npuBe^eHa cxeMa pacnono>KeHM« 
nkiHeeK /ia3epHbix ahoaob Ha BepTMKanbHbix 
noBepxHocTflx tohkhx npnMoyronbHbix npn3M 
(npoTOTun), rAe: 

1 - TermoooweHHHK; 4 - GaAs - noAno>KKa; 5 
- TenjiooTBOAflinaa nnacTHHa; 6 - aKTHBHbin" 
o&beM; 7 - coeAHHHTenbHbie npoBOAHUKU 
(MOHTa>KHbie npoBOAa); 8 - npaMoyronbHwe 
npusMbi. 

Ha 4>nr. 3 npeACTasneH oGmnfi bha 
Tennoo6MeHHMKa, rAe: 

1 - Tennoo6MeHHHK; 9 - Tpaneu,eHAanbHan 
npn3Ma; 10 - BbipaBHkiBa toupee noKpbJTHe; 11 - 
nneHKa MeTannn3ai^nn. 

Ha cfcnr. 4 - bha Tennoo6MeHHHKa CBepxy h 
c6oKy c xapafcrepHbiMM pa3MepaMn ero 
oneMeHTOB. 

Ha 4>nr. 5 - cxeMa 

napannenbHO-nocneAOBaTeribHoro coeAHHeHHn 
nnHeeK na3epHwx ahoaob c n-mnoM 
npoBOAHMOCTn: 

a) cxeMa MeTannH3au,HH; 

6) 3KBMBaneHTHa« aneiapHMecKan cxeMa 
coeAHHeHMM riMHeeK na3epHbix ahoaob; 

b) o6man cxeMa, KOHCTpyKTMBHwe 
aneMeHTbi, rAe: 

2- na3epHbifi ahoa; 9 - Tpaneu,eHAanbHan 
npn3Ma; 11 - nneHKa MeTannH3auHH; 12 - 
coeAHHUTenbHafl V-oopasHan WHHa; 13 - 
coeAHHHTeribHbie npoBOAHMKM. 

Ha cfcnr. 6 - cxeMbi nocneAOBaTe/ibHoro 
coeAHHeHn« nnHeeK na3epHbix ahoaob n-Tuna 

npOBOAMMOCTH: 

a) cxeMa MeTannnsaijHH; 

6) 3KBMBaneHTHaa aneKTpuMecKafl cxeMa; 

b) o6u\an cxeMa, KOHcrpyKTHBHbie 
3/ieMeHTbi. 

B 3tom cnynae nHHetfKH na3epHbix ahoaob 
npunaRHbi TonbKO k oahoh" CTopoHe Ka>KAofl 
TpaneijeHAanbHofi npn3Mbi (+), a MeAHan iiiMHa 
(-) coeAMHfler cnon" MerannH3au,HH h na3epHbifl 
AH oa b Kax<AO^ BnaAMHe. 

Ha cfcnr. 7 - cxeMbi nocneAOBaTeribHoro 
coeAMHeHMfl nnHeeK na3epHbix ahoaob n- h 

p-TMnOB npOBOAHMOCTM; pa3pblBbl 

sjieKTpMMecKOM i^enn bo BnaAHHax Me>KAy 
TpaneuenAanbHbiMM npvi3MaMn, rAe: 

a) cxeMa MeTannH3au,HH; 

6) aKBUBaneHTHan sneKTpvmecKan cxeMa; 

B) KOHCTpyKTMBHbie 3/ieMeHTbJ. 

nosepXHocTb Tenj-ioo6MeHHMKa 
omonnpoBaHa ao BennHHHbi uiepoxoBaTOCTn 
1-3 mkm. yron a npn BepwHHe 
TpaneuenAanbHoft npn3Mbi onpeAenen 
pacxoAHMOCTbto M3nyMeHMfl na3epHbix ahoaob. 
noA^opoM 3Toro yrna MO>KeT 6biTb o6ecneMeHa 
MaKCHManbHafl OAHOpOAHocrb HsnyMeHHfl Ha 

3aAaHHOM paCCTOflHMH OT MaTpHL^bl. 

H3MeHeHneM yrna a mokho yBennMHBaTb nnn 
yMeHbiuaTb MHcno nnHeeK na3epHbix ahoaob Ha 
eAHHHue nnoiAaAH MarpHu,bJ. BepWHHbi m 
BnaAHHbi MoryT 6biTb octphmh, nnocKHMH h 
saKpyrneHHbiMn, bha hx onpeAeneH cnoco6oM 
sneKTpvmecKofl KOMMVTau,HH nnHeeK na3epHbix 

AHOAOB. EOKOBafl nOBepXHOCTb 

TpaneijeHAanbHOH" npn3Mbi Aon>KHa 6biTb 
oonbwe ujupHHbi nHHeflKH na3epHbix ahoaob (- 
0,5 mm). BennMUHa ee 3aBHCHT or yrna a. 



TexHonorvmecKM vaooho, mto6w OHa 6wna 
oonbLue 0,8-1 mm. Ecnn yron a Bu6paH ~ 
60 ° (TMnwHHafl BenwHHHa yrna pacxoAHMOCTH 
M3nyMeHHfl nasepHbix ahoaob), to Ha AnnHe 1 
s cm moho pa3MecTMTb ao 20 nviHeeK na3epHwx 

AHOAOB. 

TonuiMHa cnoji MeTannn3ai4nn m 
coeAHHMTenbHbix ujmh Bbi6paHbJ TaioiMVi, MTo6bi 
ohm cbo6oaho nponycKanw pa6oHne tokm ao 100 
A b MMnynbce AnMTenbHocTbK) 200-400 mkc. 

10 TommiHa cnofl MeTannn3amiM noBepxHocTM 
Tennoo6MeHHMKa m coeAHHMTenbHbix ujmh 
Bbi6paHa 50-200 mkm. 

KoHCTpyKqun MaTpviqbi na3epHux ahoaob 
no3Bon«eT ocymecTanHTb ee coopKy b 
aBTOMaTMMecKOM peKMMe c noMoujbK} Lua6noHa 

15 c TaKMM >Ke npoo>nneM, hto m y MaTpkmbi 
na3epHbix ahoaob. 

Oahh Topei^ nMHe^KM ahoahwx na3epHbix 
coAepJKMT 100% OTpaxaiomee noKpbiTkie, MTo6bi 
wanyMeHHe 6bino HanpaaneHo TonbKO b OAHy 
cropoHy - BBepx. 

20 Tennoo6MeHHMK ycTaHoaneH (HanpHMep, 
BKneeH) b Kopnyc. B Kopnyc bmohtm poBa h bi 
bboaw Anfl noAa^H oxna^AaioiAe^ >kuakocth h 
KOHTaKTbi sneKTptmecKoro nwTaHMfl. 

Tennoo6MeHHMK MoxeT 6biTb M3roTOBneH H3 

25 BbtcoKOTennonpoBOAHoro MaTepwana (Be02, 
SiC, anMa3 h t. n.). Pa3Mep era MO>KeT 6biTb 
nio6biM, ho b KOHKpeTHOft peannsai^Mn 
HcnonbsoBaHa sneMeHTapHafl flneflKa 1 #1 cm 2 . 
CTbiKyn sneMeHTapHbie wMef^KH, mo>kho 
nony^HTb MaTpHi^y na3epHbix ahoaob nfo6oro 

30 pa3Mepa. Tennoo6MeHHHK MO)KeT 6biTb c 
MMKpoKannnnflpHoC^ nn6o c nopHCTO^ 
CTpyiaypoCi, Mepe3 KOTopyw npoKaMHBaeTCfl 
oxna)KAaK)u^afl >KMAKOCTb. 
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OopMyna H3o6peTeHkin: 

1 . MaTpnija na3epHbix ahoaob, coAepxaLi^an 
nnHe^KH na3epHbix ahoaob, ycTaHOBneHHbie Ha 
BepxHefl noBepXHOGTH TennooGMeHHHKa h 
60 coeAHHeHHbie no saAaHHofl cxeMe, 
omH^aiomaRCfl TeM, hto Ha Bcefl noBepxHOCTH 
Tennoo6MeHHHKa BbinonHeHbi 3kbhahct3htho 
pacnono>KeHHbie Tpaneu,eHAanbHbie npnsMbt, a 
BepxHnn noBepxHocTb Tennoo6MeHHHKa 
noKpbiTa nocneAOBaTenbHO TennonpoBOAHoC^ h 
TOKonpoBOAflinefl nneHKaMH, Ka>KAan Tonu^HHoW 



I 



50 - 20 mkm, npMMeM Ha ooKOBbie noBepxHOCTM 
TpaneuektAanbHboc npw3M HU3KOTeMnepaTypHbJM 
npunoeM npunajiHu jiMHefiKvi Jia3epHwx akoaob, 
a noAno>KKVi nasepHbix ahoaob b Ka*Aofl 
BnaAUHe nonapHO coeA^HeHbi V-o6pa3HbiMM 

TOKOnpOBOA«U4MMM LUMHaMM. 

2. MaTpwi^a na3epHbix ahoaob no n.1, 
OTnHMaiomaflCfl TeM, mto Ha ooKOBbie 
noBepxHoc™ TpaneL\enAajibHbix npn3M 
npuna^Hbi nnHetfKu na3epHbix ahoaob n-Tuna 
npoBOAMMocTM, npvmeM Ana ooecneHeHMH 
aneKTpn^ecKow kom My Ta 14M n riMHeeK na3epHbix 
Ahoaob Bbino/iHeHbi pa3pbiBbi TOKonpoBOAfliMe^ 
nneHKH Ha BepujkiHax TpaneijeHAanbHbix npn3M, 
a Ka>KAan V-o6pa3Hafl TOKonpOBOAflman LUHHa 
npeAbiAyiMe^ BnaAUHbj coeAMHeHa 

npoBOAHUKOM c TOKonpoBOAnmeK nneHKotf 



oneAyfometf BnaAHHbi. 

3. MaTpni^bi na3epHbix ahoaob no n.1, 
OT/WMaJOinaflCJ? TeM, mto Ha ooxoBbie 
noBepxHocTM Tpanei^enAanbHbix npn3M 
npunaflHbi jiHHefiKM na3epHbix ahoaob 

5 nonepeMeHHo n- m p-™noB npoBOAHMoc™, 
npuneM Ann ooecneseHUfl anejapHMecKofi 
KOMMyTai^nn Bbino/iHeHbi paspbiBbt 

TOKonpoBOA^Li^ev^ nneHtcvi bo BnaAMHax Me>KAy 
Tpaneuei^AanbHbiMvi npn3MaMn. 

10 4. MaTpmja na3epHbix ahoaob no n.1, 
omimaiomaHCfl TeM, mto Tennoo6"MeHHMK 
Bbino/iHeH H3 MMKponopucToro 

TeruionpoBOAHoro MaTepnana. 

5. MaTpnua na3epHbix ahoaob no n.1 , 
OTnvmaioinaflCH TeM, mto Tennoo6MeHHHK 

15 BbinoriHeH no MMKpOKaHanbHow cxeMe. 
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